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(57)Abstract: 

PURPOSE: To provide the film forming method and film 
forming device which can form thin films uniformly at a 
high thin film forming speed on a substrate and use 
electron cyclotron resonance (ECR). 
CONSTITUTION: The film forming method consists in 
forming the thin film by executing sputtering with the 
plasma formed by ECR and simultaneously forming the 
thin film of the same kind as the thin film formed by the 
sputtering by an ECR-CVD method. The ECR film 
forming device consists of (a) a sputtering plasma 
chamber 62 which is disposed with a magnet 68 on the 
outer side, (b) a waveguide 70 which is mounted at one 
end to the sputtering plasma chamber 62 and is 
mounted to a microwave generator, (c) a film forming 
chamber 60, the inlet part of which is communicated with the outlet part of the sputtering 
plasma chamber, (d) a sputtering target 74 which is disposed in the inlet part of the film 
forming chamber so as to enclose the plasma flow formed of the sputtering plasma chamber 
and (e) a gas introducing part 82 for CVD which is provided in the film forming chamber. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The membrane formation approach characterized by forming the thin film formed by 
sputtering and a thin film of the same kind with a electron cyclotron resonance CVD method at the same 
time it performs sputtering with the plasma generated by the electron cyclotron resonance and forms a 
thin film. 

[Claim 2] The membrane formation approach according to claim 1 characterized by the source of 
plasma production for sputtering differing from the source of plasma production for a electron cyclotron 
resonance CVD method. 

[Claim 3] (b) The spatter plasma chamber by which the magnet has been arranged outside, and the 
waveguide with which the (b) end was attached in the spatter plasma chamber, and the other end was 
attached in the microwave generator, (Ha) So that the plasma style formed by the membrane formation 
chamber by which the inlet-port part is opened for free passage by the outlet part of a spatter plasma 
chamber, and the (d) spatter plasma chamber may be surrounded the spatter target arranged by the inlet- 
port part of a membrane formation chamber, and the material-gases-for-CVD induction prepared in the 
(e) membrane formation chamber ~ since the electron cyclotron resonance membrane formation 
equipment characterized by changing. 

[Claim 4] (b) The spatter plasma chamber which a magnet is arranged outside and generates the plasma 
for sputtering, The 1st waveguide with which the (b) end was attached in the spatter plasma chamber, 
and the other end was attached in the 1st microwave generator, (Ha) So that the plasma style formed by 
the membrane formation chamber by which the inlet-port part is opened for free passage by the outlet 
part of a spatter plasma chamber, and the (d) spatter plasma chamber may be surrounded The spatter 
target arranged by the inlet-port part of a membrane formation chamber, and the CVD plasma chamber 
which it is open for free passage to a (e) membrane formation chamber, and a magnet is arranged 
outside, and generates the plasma for CVD, the 2nd waveguide with which the (**) end was attached in 
the CVD plasma chamber, and the other end was attached in the 2nd microwave generator, and the 
material-gases-for-CVD induction prepared in the (g) CVD plasma chamber - since — the electron 
cyclotron resonance membrane formation equipment characterized by changing. 
[Claim 5] (b) The spatter plasma chamber which a magnet is arranged outside and generates the plasma 
for sputtering, The 1st waveguide with which the (b) end was attached in the spatter plasma chamber, 
and the other end was attached in the microwave generator, (Ha) So that the plasma style formed by the 
membrane formation chamber by which the inlet-port part is opened for free passage by the outlet part 
of a spatter plasma chamber, and the (d) spatter plasma chamber may be surrounded The spatter target 
arranged by the inlet-port part of a membrane formation chamber, and the CVD plasma chamber which 
it is open for free passage to a (e) membrane formation chamber, and a magnet is arranged outside, and 
generates the plasma for CVD, The 2nd waveguide with which the (**) end was attached in the CVD 
plasma chamber, and the other end was attached in said microwave generator, the material-gases-for- 
CVD induction prepared in the (g) membrane formation chamber or the CVD plasma chamber — since — 
the electron cyclotron resonance membrane formation equipment characterized by changing. 
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[Claim 6] (b) The spatter plasma chamber by which the magnet has been arranged outside, and the 
waveguide with which the (b) end was attached in the spatter plasma chamber, and the other end was 
attached in the microwave generator, (Ha) So that the plasma style formed by the membrane formation 
chamber by which the inlet-port part is opened for free passage by the outlet part of a spatter plasma 
chamber, and the (d) spatter plasma chamber may be surrounded the spatter target arranged by the inlet- 
port part of a membrane formation chamber, and the material-gases-for-CVD induction prepared in the 
(e) spatter plasma chamber — since — the electron cyclotron resonance membrane formation equipment 
characterized by changing. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the membrane formation approach and membrane 

formation equipment which used the electron cyclotron resonance. 

[0002] 

[Description of the Prior Art] Detailed-ization of a semiconductor device is progressing as the degree of 
integration of a semiconductor device becomes high in recent years. Also among semiconductor devices, 
the mainstream of a memory device is an MOS mold semiconductor device, and a semiconductor device 
is usually formed of a process as shown in drawing 5 . 

[0003] The component isolation region 12 is formed in the [process -10] semi-conductor substrate 10, 
gate oxidation treatment is performed and gate oxide 14 is formed. Subsequently, post-patterning on 
which polycrystalline silicon 16 and WSi216A were made to deposit is performed, and the gate 
electrode field 18 is formed. Next, ion-implantation processing for LDD (Lightly Doped Drain) structure 
formation is performed, and the low-concentration shallow impurity diffusion field 20 is formed. (Refer 
to (A) of drawing 5 ) . 

[0004] After making silicon oxide deposit all over [a process -20] next, the sidewall 22 which changes 
from silicon oxide to the flank of the gate electrode field 18 is formed by carrying out etchback of the 
silicon oxide. Subsequently, the source / drain field 24 is formed by performing ion-implantation 
processing, and activation annealing treatment is performed further (refer to (B) of drawing 5 ). 
[0005] The layer insulation layer 26 is made to deposit all over after that [ [process -30] ], and opening 
28 is formed (refer to (C) of drawing 5 ). Subsequently, a metal wiring material is made to deposit and a 
metal wiring layer (for example, aluminum- l%Si/Ti/TiON/Ti structure) is formed. Then, the metal 
wiring section is formed by performing regist patterning and performing dry etching (refer to (D) of 
drawing 5 ). In addition, in (D) of drawing 5 , the barrier metal layer to which 30 changes from a 
Ti/TiON/Ti layer, and 32 are aluminum- l%Si layers. In this way, the connection hole which the metal 
wiring material deposited in opening 28 is completed. 

[0006] In ULSI after the next generation, the detailed pattern formation technique is also increasing 
difficulty. It is becoming very difficult to embed a metal wiring layer by the conventional spatter, and to 
form a contact hole, a beer hall, or a through hole (henceforth [ it names generically and ] a connection 
hole) in opening which has especially a diameter about 0.5 micrometers or less. Then, the approach of 
forming a connection hole is proposed by filling up opening with aluminum by the so-called elevated- 
temperature spatter. However, it is necessary to heat a substrate about [ 500 degrees ] to C, and when 
manufacturing the semiconductor device which has multilayer-interconnection layer structure, a 
substrate is exposed to an elevated temperature several times. Consequently, there is a problem of 
becoming easy to generate a void to the aluminum with which it filled up in opening, and causing a fall 
to the dependability of a semiconductor device, especially a connection hole by heat stress. 
[0007] The method of making one of the approaches of solving such a problem fill up metals, such as a 
tungsten, into detailed opening circles with a CVD method is proposed. However, the tungsten which 
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should be formed receives effect in the surface state on a silicon substrate delicately, and has the 
problem that the tungsten layer which grew up to be a silicon substrate surface does not exfoliate from a 
substrate front face, or a tungsten does not grow in the opening department. 

[0008] Then, the electron cyclotron resonance (ECR) spatter which performs sputtering with a degree of 
vacuum thin double figures is proposed from a single figure rather than the degree of vacuum in the 
conventional spatter as a new spatter. A spatter target is arranged so that the plasma style generated by 
ECR may be surrounded, and this ECR spatter performs sputtering using some ion in a plasma style. 
Sputtered particles pass through the inside of a plasma style, and are supplied to a substrate front face. 
[0009] Such an ECR spatter is indicated by JP,1-198469,A. The approach indicated by this official 
report is the approach of forming an oxide superconducting thin film on a substrate using an ECR 
spatter. And the spatter of the target is carried out for the purpose of expanding the width of face of 
substrate selection by making membrane formation temperature into low temperature, and the ion 
generated with the ion generating means is irradiated at a substrate at the same time it deposits on a 
substrate the matter contained in a target in the ambient atmosphere containing oxygen. 
[0010] Since the ion plasma of the high density generated by ECR collides with a substrate front face 
and diffusion of aluminum arises on a substrate front face when forming an aluminum thin film to a 
substrate by the ECR spatter approach that it will come, it is thought that the reflow of aluminum is 
made about [ 200 degrees ] in C. Furthermore, since a sputtering ambient atmosphere is a high vacuum, 
the mean free path of sputtered particles is long, and cannot be scattered about easily. So, there is an 
advantage of being hard to generate an overhang configuration in the aluminum deposited on opening. 
[0011] 

[Problem(s) to be Solved by the Invention] However, when it is going to apply such an ECR spatter to 
the mass-production process of a semiconductor device, a problem as shown below arises. 

(A) Since a sputtering ambient atmosphere is a high vacuum, the membrane formation rate of a thin film 
falls about single figure as compared with the conventional magnetron sputtering method. 

(B) Since it is necessary to use the spatter target structure of the shape of a doughnut which encloses a 
plasma style, it is difficult to be hard to inject sputtered particles in the direction of the substrate which 
should form membranes from a spatter target, and to make homogeneity form a thin film on the 
substrate of a large area. 

[0012] Therefore, it is in this invention offering the membrane formation approach and membrane 
formation equipment using a electron cyclotron resonance with which the conventional ECR spatter is 
improved and the membrane formation rate of a thin film may make homogeneity form a thin film on 
early and a substrate. 
[0013] 

[Means for Solving the Problem] While the above-mentioned purpose performs sputtering with the 
plasma generated by the electron cyclotron resonance and forms a thin film, it can be attained by the 
membrane formation approach of this invention characterized by forming the thin film formed by 
sputtering and a thin film of the same kind with a electron cyclotron resonance CVD method. 
[0014] In the desirable embodiment of the membrane formation approach of this invention, it is 
desirable for the source of plasma production for sputtering to differ from the source of plasma 
production for a electron cyclotron resonance CVD method. 

[0015] The electron cyclotron resonance membrane formation equipment concerning the 1st mode of 
this invention for attaining the above-mentioned purpose consists of the following configurations (refer 
to drawing 1 ). 

(b) The spatter plasma chamber 62 (b) end by which the magnet 68 has been arranged outside is attached 
in the spatter plasma chamber 62. So that the plasma style formed by the membrane formation chamber 
60 (d) spatter plasma chamber by which the inlet-port part is opened for free passage by the outlet part 
of the waveguide 70 (Ha) spatter plasma chamber by which the other end was attached in the microwave 
generator may be surrounded Material-gases-for-CVD induction 82 prepared in the spatter target 74 (e) 
membrane formation chamber arranged by the inlet-port part of a membrane formation chamber [0016] 
Moreover, the electron cyclotron resonance membrane formation equipment concerning the 2nd mode 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/20/2006 



■ • Jpi()5-295533,A [DETAILED DESCRIPTION] 



Page 3 of 9 



of this invention for attaining the above-mentioned purpose consists of the following configurations 
(refer to drawing 2 ). 

(b) Magnet 72A is arranged outside and the spatter plasma chamber 62 (b) end which generates the 
plasma for sputtering is attached in the spatter plasma chamber 62. So that the plasma style formed by 
the membrane formation chamber 60 (d) spatter plasma chamber by which the inlet-port part is opened 
for free passage by the outlet part of the 1st waveguide 70A (Ha) spatter plasma chamber by which the 
other end was attached in the 1st microwave generator may be surrounded Are open for free passage to 
the spatter target 74 (e) membrane formation chamber 60 arranged by the inlet-port part of a membrane 
formation chamber. Magnet 72B is arranged outside and the CVD plasma chamber 64 (**) end which 
generates the plasma for CVD is attached in the CVD plasma chamber 64. Material-gases- for-CVD 
induction 82 by which the other end was prepared in the 2nd waveguide 70B (g) CVD plasma chamber 
64 or membrane formation chamber 60 attached in the 2nd microwave generator [0017] Furthermore, 
the electron cyclotron resonance membrane formation equipment concerning the 3rd mode of this 
invention for attaining the above-mentioned purpose consists of the following configurations (refer to 
drawing 3 ). 

(b) Magnet 72A is arranged outside and the spatter plasma chamber 62 (b) end which generates the 
plasma for sputtering is attached in the spatter plasma chamber 62. So that the plasma style formed by 
the membrane formation chamber 60 (d) spatter plasma chamber by which the inlet-port part is opened 
for free passage by the outlet part of the 1st waveguide 70 A (Ha) spatter plasma chamber by which the 
other end was attached in the microwave generator may be surrounded Are open for free passage to the 
spatter target 74 (e) membrane formation chamber 60 arranged by the inlet-port part of a membrane 
formation chamber. Magnet 72B is arranged outside and the CVD plasma chamber 64 (**) end which 
generates the plasma for CVD is attached in the CVD plasma chamber 64. Material-gases-for-CVD 
induction 82 by which the other end was prepared in the 2nd waveguide 70B (g) membrane formation 
chamber 60 or CVD plasma chamber 64 attached in said microwave generator [0018] Furthermore, the 
electron cyclotron resonance membrane formation equipment concerning the 4th mode of this invention 
for attaining the above-mentioned purpose consists of the following configurations (refer to drawing 4 ). 

(b) The spatter plasma chamber 62 (b) end by which the magnet 68 has been arranged outside is attached 
in the spatter plasma chamber 62. So that the plasma style formed by the membrane formation chamber 
60 (d) spatter plasma chamber by which the inlet-port part is opened for free passage by the outlet part 
of the waveguide 70 (Ha) spatter plasma chamber by which the other end was attached in the microwave 
generator may be surrounded Material-gases-for-CVD induction 82 prepared in the spatter target 74 (e) 
spatter plasma chamber 62 arranged by the inlet-port part of a membrane formation chamber [0019] 
[Function] Membrane formation at low temperature is possible for this invention, and since it forms 
membranes to coincidence with an ECR-CVD method with an early membrane formation rate, using the 
ECR spatter which was moreover excellent in the membrane formation nature in opening etc., it can 
cope with the mass production of a semiconductor device, and, moreover, can form the thin film of high 
quality to homogeneity on a substrate. 
[0020] 

[Example] Explanation about the membrane formation approach which explained the ECR membrane 
formation equipment of this invention with reference to drawing 1 - drawing 4 , next used the ECR 
membrane formation equipment of this invention first hereafter is given. In addition, in drawing 1 - 
drawing 4 , the same reference number expresses the same components or the same element. 
[0021] The ECR membrane formation equipment 50 applied to drawing 1 at the 1st mode of this 
invention is shown. The ECR membrane formation equipment 50 concerning this 1st mode consists of 
the membrane formation chamber 60 and the spatter plasma chamber 62. And it is characterized by 
forming the material-gases-for-CVD induction 82 in the membrane formation chamber 60. 
[0022] The inlet-port part of the membrane formation chamber 60 and the outlet part of the spatter 
plasma chamber 62 are open for free passage. The substrate with which 66 should form a thin film on it, 
and 68 are substrate electrode holders among drawing 1 . The end of the waveguide 70 held at the 
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vacuum is attached in the spatter plasma chamber 62, and the other end of a waveguide 70 is attached in 
the microwave generator (not shown). The microwave generated with the microwave generator is led to 
the spatter plasma chamber 62 through a waveguide 70. The magnet 72 is arranged on the outside of the 
spatter plasma chamber 62, and an emission field is formed with a magnet 72. The gas for spatter plasma 
production is introduced into the spatter plasma chamber 62 from the gas induction 80 for spatter plasma 
production. 

[0023] The cylinder-like spatter target 74 is arranged so that the plasma style which generates by the 
spatter plasma chamber 62 and flows into the membrane formation chamber 60 may be surrounded into 
the inlet-port part of the membrane formation chamber 60. Bias voltage is supplied to the spatter target 
74 from direct-current bias power supply (not shown). In addition, high frequency bias power supply 
and a matching circuit can also be used instead of direct-current bias power supply. 
[0024] The gas for spatter plasma production is introduced into the spatter plasma chamber 62 from the 
gas induction 80 for spatter plasma production, the inside of the spatter plasma chamber 62 is set to 10-3 
to ten to 2 Pa, and microwave with a frequency of 2.45GHz generated with the microwave generator is 
led to the spatter plasma chamber 62 through a waveguide 70. Microwave is introduced in parallel to 
magnetic flux. In addition, the installation location of a waveguide 70 can be changed and microwave 
can also be perpendicularly introduced to magnetic flux. And with a magnet 72, the flux density of 875 
gauss which is ECR conditions is given, and the plasma is generated. In this way, the generated plasma 
flows from the outlet part of the spatter plasma chamber 62 to the inlet-port part of the membrane 
formation chamber 60. 

[0025] A part of this plasma style collides with the spatter target 74 arranged at the inlet-port part of the 
membrane formation chamber 60, and it performs sputtering. Sputtered particles pass through the inside 
of a plasma style, and are supplied to the front face of a substrate 66. 

[0026] The membrane formation chamber 60 is equipped with the material-gases-for-CVD induction 82. 
The material gas for CVD is introduced into the membrane formation chamber 60 through the material- 
gases-for-CVD induction 82 from the material-gases-for-CVD supply system 90 which consisted of a 
source 84 of material gases for CVD, gas piping 86, and a gas flowmeter 88 that consists of mass flow 
meter. It is decomposed by the plasma style generated by the spatter plasma chamber 62, and the 
material gas for CVD is carried to up to a substrate. In this way, on a substrate 66, a thin film is formed 
with an ECR-CVD method at the same time a thin film is formed by the ECR spatter. In addition, 92 are 
the flueing section among drawing 1 . 

[0027] In the 1st mode of the ECR membrane formation equipment of this invention shown in drawing 
1 , since the material gas for CVD is introduced into the space where sputtered particles exercise, 
sputtered particles may be scattered about, a mean free path may become short, and the embedding 
property to opening prepared in the substrate may fall, the 2nd voice of this invention shown in drawing 
2 in order to prevent this - in the ECR membrane formation equipment 100 applied like, the CVD 
plasma chamber which generates the plasma for CVD is prepared, and it is characterized by making the 
CVD plasma flow into a membrane formation chamber apart from sputtered particles. 
[0028] The ECR membrane formation equipment 100 concerning the 2nd mode consists of the 
membrane formation chamber 60, the spatter plasma chamber 62, and the CVD plasma chamber 64. The 
inlet-port part of the membrane formation chamber 60 and the outlet part of the spatter plasma chamber 
62 are open for free passage. Moreover, the membrane formation chamber 60 and the CVD plasma 
chamber 64 are also open for free passage. 

[0029] The end of 1st waveguide 70A held at the vacuum is attached in the spatter plasma chamber 62, 
and the other end of 1st waveguide 70A is attached in the 1st microwave generator (not shown). The 
microwave generated with the 1st microwave generator is led to the spatter plasma chamber 62 through 
1st waveguide 70A. Magnet 72A is arranged on the outside of the spatter plasma chamber 62, and an 
emission field is formed of magnet 72A. 

[0030] The gas for spatter plasma production is introduced into the spatter plasma chamber 62 from the 
gas induction 80 for spatter plasma production. In the spatter plasma chamber 62, microwave is 
perpendicularly introduced to magnetic flux. As compared with the case where microwave is introduced 
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in parallel to magnetic flux, the plasma is generable to stability with this. In addition, the installation 
location of 1st waveguide 70A can be changed, and microwave can also be introduced in parallel to 
magnetic flux. Into the outlet part of the spatter plasma chamber 62, and the part which counters, the 
tabular spatter target 78 can be arranged if needed. By reflecting into the plasma the high-speed electron 
emitted from the spatter target with the tabular spatter target 78, the plasma of high density is locally 
generable. 

[003 1] Two or more spatter targets 74 are arranged so that the plasma style which generates by the 
spatter plasma chamber 62 and flows into the membrane formation chamber 60 may be surrounded into 
the inlet-port part of the membrane formation chamber 60. Bias voltage is supplied to the spatter target 
74 from direct-current bias power supply (not shown). In addition, high frequency bias power supply 
and a matching circuit can also be used instead of direct-current bias power supply. A part of plasma 
style generated by the spatter plasma chamber 62 collides with two or more spatter targets 74 arranged 
at the inlet-port part of the membrane formation chamber 60, and it performs sputtering. Sputtered 
particles pass through the inside of a plasma style, and are supplied to the front face of a substrate 66. 
[0032] The membrane formation chamber 60 and the CVD plasma chamber 64 are open for free 
passage. The end of 2nd waveguide 70B held at the vacuum is attached in the CVD plasma chamber 64, 
and the other end of 2nd waveguide 70B is attached in the 2nd microwave generator (not shown). The 
microwave generated with the 2nd microwave generator is led to the CVD plasma chamber 64 through 
2nd waveguide 70B. Magnet 72B is arranged on the outside of the CVD plasma chamber 64, and an 
emission field is formed of magnet 72B. 

[0033] The CVD plasma chamber 64 is equipped with the material-gases-for-CVD induction 82. The 
material gas for CVD is introduced into the CVD plasma chamber 64 through the material-gases-for- 
CVD induction 82 from the material-gases-for-CVD supply system 90 which consisted of a source 84 of 
material gases for CVD, gas piping 86, and a gas flowmeter 88 that consists of mass flow meter. In 
addition, the material-gases-for-CVD induction 82 can also be formed in the membrane formation 
chamber 60. The gas for CVD plasma production is introduced into the CVD plasma chamber 64 from 
gas induction 80for CVD plasma production A. 

[0034] The material-gases-for-CVD induction 82 to the material gas for CVD and microwave with a 
frequency of 2.45GHz which introduced the gas for CVD plasma production into the CVD plasma 
chamber 64 from gas induction 80for CVD plasma production A, set the inside of the CVD plasma 
chamber 64 to 10-3 to ten to 2 Pa, and was generated with the 2nd microwave generator are led to the 
CVD plasma chamber 64 through 2nd waveguide 70B. Microwave is introduced in parallel to magnetic 
flux. In addition, the installation location of 2nd waveguide 70B can be changed, and microwave can 
also be perpendicularly introduced to magnetic flux. And by magnet 72B, the flux density of 875 gauss 
which is ECR conditions is given, and the plasma is generated. In this way, the material gas for CVD is 
decomposed by the generated CVD plasma, and it progresses to up to a substrate. 
[0035] As mentioned above, on a substrate, a thin film is formed with an ECR-CVD method at the same 
time a thin film is formed by the ECR spatter. The CVD plasma generated by the CVD plasma chamber 
is made to flow into a membrane formation chamber apart from sputtered particles in the ECR 
membrane formation equipment 100 by this 2nd mode. By this, it is lost that movement of sputtered 
particles is blocked and the membrane formation nature of sputtered particles can be held good. 
[0036] Next, the ECR membrane formation equipment 110 concerning the 3rd embodiment of this 
invention shown in drawing 3 is explained, the 2nd operative condition of this invention which showed 
this ECR membrane-formation equipment 1 10 to drawing 2 - it is characterized by to make the CVD 
plasma flow into a membrane-formation chamber apart from the spatter plasma like the ECR membrane- 
formation equipment 100 applied like, the microwave generated with one microwave generator branches 
further, and the description is that it made it into the structure introduced into both a spatter plasma 
chamber and a CVD plasma chamber, respectively. 

[0037] The end of 1st waveguide 70 A held at the vacuum is attached in the spatter plasma chamber 62, 
and the other end of 1st waveguide 70A is attached in the microwave generator (not shown). The 
microwave generated with the microwave generator is led to the spatter plasma chamber 62 through 1st 
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waveguide 70A. In the spatter plasma chamber 62, microwave is perpendicularly introduced to magnetic 
flux. In addition, the installation location of 1st waveguide 70A can be changed, and microwave can also 
be introduced in parallel to magnetic flux. 

[0038] The end of 2nd waveguide 70B held at the vacuum is attached in the CVD plasma chamber 64, 
and the other end of 2nd waveguide 70B is attached in the microwave generator (not shown) with which 
the 1st waveguide was attached. Namely, in this example, the number of microwave generators is one. 
The microwave generated with the microwave generator is led to the CVD plasma chamber 64 through 
2nd waveguide 70B. In the CVD plasma chamber 64, microwave is introduced in parallel to magnetic 
flux. In addition, the installation location of 2nd waveguide 70B can be changed, and microwave can 
also be perpendicularly introduced to magnetic flux. 

[0039] In the ECR membrane formation equipment shown in drawing 3 , although the material gas for 
CVD is introduced into the membrane formation chamber 60 from the material-gases-for-CVD 
induction 82, as shown in drawing 2 , the material gas for CVD can also instead be introduced at the 
CVD plasma chamber 64. 

[0040] The structure of the whole equipment can be simplified by making ECR membrane formation 
equipment into such structure. 

[0041] Next, the ECR membrane formation equipment 120 concerning the 4th embodiment of this 
invention shown in drawing 4 is explained. This ECR membrane formation equipment 120 is thin to the 
so-called spatter plasma chamber of an electric-field mirror mold ECR sputtering system, i.e., introduce 
the material gas for CVD of the degree of vacuum of an ECR spatter ambient atmosphere and this level 
extent, it makes it ionize the matter generated by CVD by the electron in a plasma room, and the 
description is in the structure which can be made to deposit on a substrate front face together with 
sputtered particles at it. 

[0042] The ECR membrane formation equipment 120 concerning this 4th mode consists of the 
membrane formation chamber 60 and the spatter plasma chamber 62 like the ECR membrane formation 
equipment 50 shown in drawing 1 . And it is characterized by forming the material-gases-for-CVD 
induction 82 and the tabular spatter target 78 in the spatter plasma chamber 62. 
[0043] The inlet-port part of the membrane formation chamber 60 and the outlet part of the spatter 
plasma chamber 62 are open for free passage. The end of the waveguide 70 held at the vacuum is 
attached in the spatter plasma chamber 62, and the other end of a waveguide 70 is attached in the 
microwave generator (not shown). The microwave generated with the microwave generator is led to the 
spatter plasma chamber 62 through a waveguide 70. The magnet 72 is arranged on the outside of the 
spatter plasma chamber 62. The gas for spatter plasma production is introduced into the spatter plasma 
chamber 62 from the gas induction 80 for spatter plasma production. 

[0044] Like the ECR membrane formation equipment 50 shown in drawing 1 , the spatter target 74 is 
arranged at the inlet-port part of the membrane formation chamber 60 so that the plasma style which 
generates by the spatter plasma chamber 62 and flows into the membrane formation chamber 60 may be 
surrounded. Moreover, the tabular spatter target 78 is arranged at the outlet part of the spatter plasma 
chamber 62, and the part which counters. By reflecting into the plasma the high-speed electron emitted 
from the spatter target with the tabular spatter target 78, the plasma of high density is locally generable. 
[0045] The gas for spatter plasma production is introduced into the spatter plasma chamber 62 from the 
gas induction 80 for spatter plasma production, the inside of the spatter plasma chamber 62 is set to 10-3 
to ten to 2 Pa, and microwave with a frequency of 2.45GHz generated with the microwave generator is 
led to the spatter plasma chamber 62 through a waveguide 70. Microwave is perpendicularly introduced 
to magnetic flux. In addition, the installation location of a waveguide 70 can be changed and microwave 
can also be introduced in parallel to magnetic flux. And with a magnet 72, the flux density of 875 gauss 
which is ECR conditions is given, and the plasma is generated. In this way, the generated plasma flows 
from the outlet part of the spatter plasma chamber 62 to the inlet-port part of the membrane formation 
chamber 60. 

[0046] A part of this plasma style collides with the spatter target 74 arranged at the inlet-port part of the 
membrane formation chamber 60, and it performs sputtering. Sputtered particles pass through the inside 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/20/2006 



JP,05-295533,A [DETAILED DESCRIPTION] 



Page 7 of 9 



of a plasma style, and are supplied to the front face of a substrate 66. 

[0047] The spatter plasma chamber 62 is equipped with the material-gases-for-CVD induction 82. The 
material gas for CVD is introduced into the spatter plasma chamber 62 through material-gases-for-CVD 
induction from the material-gases-for-CVD supply system 90 which consisted of a source 84 of material 
gases for CVD, gas piping 86, and a gas flowmeter 88 that consists of mass flow meter. The 
concentration of the material gas for CVD is comparable as the degree of vacuum of the spatter plasma 
chamber 62. It is decomposed by the plasma generated by the spatter plasma chamber 62, and the 
material gas for CVD is carried to up to a substrate. In this way, on a substrate 66, a thin film is formed 
with an ECR-CVD method at the same time a thin film is formed by the ECR spatter. 
[0048] As mentioned above, on a substrate, a thin film is formed with an ECR-CVD method at the same 
time a thin film is formed by the ECR spatter. In the ECR membrane formation equipment 120 by this 
4th mode, since the material gas for CVD of concentration comparable as the degree of vacuum of the 
spatter plasma chamber 62 is introduced into the spatter plasma chamber 62, movement of sputtered 
particles is not blocked and the membrane formation nature of sputtered particles can be held good. 
[0049] The membrane formation approach of this invention characterized by forming the thin film 
formed by sputtering and a thin film of the same kind with a electron cyclotron resonance CVD method 
is explained below with reference to typical drawing 5 of a semiconductor device which is a sectional 
view a part at the same time it performs sputtering with the plasma generated by the electron cyclotron 
resonance and forms a thin film. In addition, the ECR membrane formation equipment 50 concerning 
the 1st mode of this invention is used, and aluminum is formed with an ECR spatter and an ECR-CVD 
method on a semi-conductor substrate. 

[0050] [Process -100] Based on the conventional approach, the component isolation region 12 is first 
formed in the semi-conductor substrate 10. Subsequently, in order to form a gate electrode, the front 
face of the semi-conductor substrate 10 is oxidized about 16nm in thickness, and an oxidizing zone 14 is 
formed. This oxidizing zone 14 is H2/02=6/4. A liter / part temperature It can form on condition that 
850-degreeC. Next, the polish recon layer 16 is made to deposit about 200nm in thickness on condition 
that the following on an oxidizing zone 14. 

SiH4/PH3/H2=500/0.35/50sccm temperature 580-degreeC pressure 79.8Pa WSi two-layer 16A is made 
to deposit about lOOnm in thickness on condition that the following on the polish recon layer 16 further. 
WF6/SiH4/helium=10/1000 / 360sccm temperature 360-degreeC pressure Subsequently 26.6Pa of gate 
electrode fields 18 is formed by performing regist patterning and performing dry etching (refer to (A) of 
drawing 5 ). The conditions of dry etching can be carried out as follows. 

C2C13F3/SF6=65/5sccm pressure 1.33Pa microwave power 700WRF power 100W[0051] [A process - 
110], next the impurity diffusion field 20 shallow into the source / drain field formation schedule part 
are formed with ion-implantation. Then, a sidewall 22 is formed in the side attachment wall of the gate 
electrode field 18 by forming SiO two-layer in the whole surface, and performing anisotropy dry 
etching. In this way, LDD (Lightly Doped Drain) structure is formed. Subsequently, in order to form the 
source / drain field 24, an ion implantation is performed on the whole surface (refer to (B) of drawing 
5 ). The conditions of an ion implantation are As when forming NMOS. 50KeV He is BF2 when 
forming 5xl015-/cm2 and PMOS. 20KeV It can be referred to as 3xl015-/cm2. 

[0052] The layer insulation layer 26 which consists of Si02 is made to deposit about 500nm in thickness 
with a CVD method all over after that [ [process -120] ]. About the conditions of deposition, they are 
SiH4/O2-/N2=250/250 / lOOsccm temperature. 420-degreeC pressure 1 100-degreeC and activation 
annealing treatment for 10 seconds are performed in N2 ambient atmosphere after that [ 13.3Pa ]. By 
this, the impurity in the source / drain field 24 is diffused, and a junction field is formed at the same time 
it activates Si and WSi2. 

[0053] Subsequently, opening 28 is formed by performing regist patterning to the layer insulation layer 
26, and performing dry etching. They are the conditions of dry etching C4F8 = 50sccmRF power 
1200W pressure It is 2Pa (refer to (C) of drawing 5 ). 

[0054] The barrier metal layer 30 which consists of Ti/TiON is made to deposit on the whole surface in 
a spatter after that [ [process -130] ]. About the spatter conditions of Ti, it is Ar. 40sccm pressure 0.04Pa 
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spatter power It is referred to as lkW and Ti with a thickness of 50nm is made to deposit. Moreover, 
they are the spatter conditions of TiON N2/02 4 / 0.3sccm pressure 0.05Pa spatter power It is referred to 
as lkW and TiON with a thickness of lOOnm is made to deposit. Above [process -100] - [a process - 
130] is based on the conventional approach. 

[0055] [Process -140] Subsequently, the approach of this invention was applied and the aluminum layer 
32 was formed about 500nm in thickness on the whole surface. That is, the equipment shown in drawing 

1 is used, sputtering of the aluminum is carried out with the plasma excited by the electron cyclotron 
resonance, and an aluminum thin film is formed on the barrier metal layer 30. It can come, 
simultaneously an aluminum thin film is formed on the barrier metal layer 30 with a electron cyclotron 
resonance CVD method. The ECR spatter conditions of aluminum were carried out as follows. 

Gas for spatter plasma production Ar:40sccm pressure 0.04PaDC spatter power lkW of ECR-CVD 
conditions of aluminum was carried out as follows again. 

Material gas for CVD Dimethyl aluminum hydride [DMAH, 2(CH3) A1H]/H2=50/I00sccm temperature 
300-degreeC microwave power 1000W[0056] After that [ [process -150] ], regist patterning is 
performed to the aluminum layer 32, subsequently dry etching of the aluminum layer 32 and the barrier 
metal layer 30 is performed, and a wiring layer is completed. The RF impression mold ECR etcher was 
used for dry etching, and conditions were carried out as follows at it. 

BC13/C12 =60 / 90sccm microwave power 1000WRF power SOW pressure 21.3Pa [0057] Next, the 
membrane formation approach of this invention that the source of plasma production for sputtering 
differs from the source of plasma production for a electron cyclotron resonance CVD method is 
explained. In this approach, the ECR membrane formation equipment 100 concerning the 2nd mode of 
this invention is used, and aluminum is formed with an ECR spatter and an ECR-CVD method on a 
semi-conductor substrate. 

[0058] The formation process of a barrier metal layer is the same as that of above-mentioned [process - 
100] - [a process -130] from the process which forms a component isolation region in a [process -200] 
semi-conductor substrate, and those explanation is omitted. 

[0059] [Process -210] Subsequently, the approach of this invention was applied and the aluminum layer 
32 was formed about 500nm in thickness on the whole surface. That is, the equipment shown in drawing 

2 is used, sputtering of the aluminum is carried out with the plasma excited by the electron cyclotron 
resonance, and an aluminum thin film is formed on the barrier metal layer 30. It can come, 
simultaneously an aluminum thin film is formed on the barrier metal layer 30 with a electron cyclotron 
resonance CVD method. The ECR spatter conditions and ECR-CVD conditions of aluminum were 
carried out as follows. 

Gas for ECR spatter plasma production: H2-/Ar=50 / 43sccmCVD material gas : DMAH/H2=15 / 
50sccm pressure 0.04Pa microwave power 1000WDC spatter power 3kW temperature 300-degreeC 
[0060] After that [ [process -220] ], regist patterning is performed to the aluminum layer 32, 
subsequently dry etching of the aluminum layer 32 and the barrier metal layer 30 is performed, and a 
wiring layer is completed. This process is the same as the above-mentioned [process -150], and that 
explanation is omitted. 

[0061] As mentioned above, although this invention was explained based on the desirable example, this 
invention is not limited to these examples. Various kinds of conditions in explanation of the approach of 
this invention can be suitably changed with the equipment to be used or the property of a thin film 
demanded. The ECR membrane formation equipment concerning the 2nd of this invention - the 4th 
mode can be used, and membranes can be formed with an ECR spatter and an ECR-CVD method on a 
substrate on the in general same conditions. Moreover, the approach and equipment of this invention are 
applicable to deposition of the insulator layer of membrane formation of various metallic materials, such 
as a tungsten and titanium, Si, and Si02 grade instead of aluminum. 
[0062] 

[Effect of the Invention] According to the approach of this invention, single or more figures and a 
membrane formation rate can be raised [ the case where only the conventional ECR spatter with a slow 
membrane formation rate is used ]. Moreover, an ECR-CVD method can be solved by using together to 
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an ECR spatter and coincidence, and the homogeneity of the thickness of the formed thin film improves 
the homogeneous badness of the thickness in the conventional ECR spatter. Therefore, the mass 
production of a semiconductor device can be coped with and, moreover, the thin film of high quality can 
be formed to homogeneity on a substrate. Moreover, in the mode of the ECR membrane formation 
equipment of this invention, since the energy source of the spatter plasma can be used also for CVD, it 
becomes energy saving. 



[Translation done.] 
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^tWrttflSo CVDX7Xvft^6 4<DftM\a* 
m^7 2BdSEK$*l"C*3 9. «W7 2BlCj:oT^fC 

[0 0 3 3] CVD7 P 7Xvft^6 4MCVDffl 
^»AS8 2dS«ibixTVNa o CVDffi^l8 

4. #*Etf8 6, &xf-rxy*-*-ffrbtfL&ifx 
8HMH-8 8^b*rt*ix*:CVDffl^«W&*9 0*> 
?>, CVDffliiR3|Bf^dSCVDffl^»A«8 2Sr^L 
rCVD^9X^^W?6 4^»A*ixSo ft* CV 

Dffl^^AlfPs 2ti»'^y^6 OfcSttarfcfc 

CVD7 P 7Xvft>'^6 4l:{iCVDX7X 
■74«ffl^lA«8 0 A^bCVD^^Xv^ffl^ 
^^«tA*n-5 0 
[0 0 3 4] CVDffl^3A38 2a><bCVDffi®** 
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i It, CVD^?X-74rtffl^iA»8 0 

4M^ALT\ CVDy7Xvft^64rt 
«rl 0~ 3 ~1 0" 2 Paa, JS20v>f?P»84J6t 

2 02g&*ff7 0 B£gT, CVD^7XYft^6 4 
So ®2cO^K« c 7 0B^«9f+it{4g^X.T > 
So * ITII7 2 Bj:iotECRftftT?*>S 8 7 5 

[0 0 3 5] «±0<t9i^ Stg±tel* % ECR^y 
'#*-C»BI*|«Sh6fcn*fc, ECR-CVDftt 

ilM^^o :^2«i:j;$ECRMS 

tl0 0l:ftV>m CVD^7X-7ft^t?4S^f 
Jxfc C V D X 9 £ , *;<y*igfrh IW\ {Cf&m? -r 

[0 0 3 6] ftfcl, H3lC^f*SIW^>»3©|ll(ttB« 

l:^WECRMStl i 0{£ov>rfft^-f So 

E C R^RSB 110H, 02 fc« Lfc#38W0>SS 2 <D 

nmmmzfrfrz e c r^mkb i o o t c v 

D X 9 X-r «r ;* / * y * X 9 X^ t gij fc/SJRf 1 ^ JB 

/^7^7 P 7Xvft^^CVD7 P 7X^ft^S 
[0 0 3 7] *aKfiM»S ttfc* 1 <&W8E* 7 0 A(D- 

y 9 X9 X^f-* y< 6 2 fcfc 9 tttt 5> JxT*5 
9> f lw«Sf7 0A^ffi8fiW ^ntt«£KB 
(HaHtrf) t-MttttbftT^So W 
I-C^Uc^^a$^ fBl<7)*fl£ff 7 0A£& 

y^7 P 7Xv^>'/<6 2^*5V^C, W^njfittSS* 
iC^ftTSSi^A^tlSo ML glOiiKf 70AO 

[0 0 3 8] HtSlCfiWStLfc* 2 0*|Ktf 7 0 B CO- 
S^CVDy7XVft W< 6 4 fcjft 9 WH" feiXT *5 
9, jS2©*8f70BO»ifi, #1 
f+ttfcftfcW*p«*£«B (H^tiri") tettOtttt 

W^njfitt, ^2O*R^7 0BSrST, CVD7 P 7 
Xvft^6 4^i:i|^ 0 CVD^Xvf^y 
/<6 4fc*5V^T, W^n«tt«Slt»LTWT^#A 
£ftSo »2©«»*7 0Ba)»9#rttt«***. 



§S 0 

[0 0 3 9] m 3 IC^ Lfc E C RricR«BK*5l 
CVDfflXf^^A^S 2j&*fcCVDJBICtttf*fcJ«*- 

tw<6 oicWAi-*^ roftfrflfc. H2(^Lfc 

£51^ CVDfflJKJR3tf^*CVDX9X^-r^6 
4(:^At5rHtf5 0 

[0 0 4 0] ECRrtBH6BS:^<z)J:5 4«JS^-r5r. 

[0 0 4 1] 35ctc % H4^i-#»W^SB4 0iaSIB« 
K*^8ECRj*BB6Bl 2 0fcov^RIB1"6 0 
ECRM8fl2 0il BFWt*5?*-*ECR*/< 
y^St^^iy^^Xvft^ IP 

CVDffligJ|SfXf^^#Ab, CVDKi94j*LfcWt 
^7 p 7Xvi^(^lf^tW^f, ^/<y«?k 

fcSo 

[0 0 4 2] r^JB4 0«*^«5ECR*W6Bl 2 
0^. BBlfc«LfcECRrit«afcB5 0 4IBIKK, 
^■Y>v«6 0M^^^^7X-7ft^6 2d»fefifc 
S 0 -t LT„ ^y^^5X^ft^6 2ii:, CVD 
ffl#*a|Agj$ 8 2 y99-#?Y7*# 

[0 0 4 3] «ft^6 0^APa»^^7^/ 
?X^ft^6 20fflPtt5>£tt*iIL-CV^o K£ 

y/< 6 2 fcR 5 tttt 5>;h/r*5 9 , *SE^ 7 0 <£>fdj«tt^ 

W ^nttXfeJSB-eJIfebfc^^otttt, *tt»7 
0&&T, ^y^^^Xvf 2^tfd^ 
So ^y^^XYf^y^e 204MMtctta&i7 2 
a*ffiB£*vC^So ^y^^X^y/^ 2 left 
^^y^X9X^^fflXf^*ASP8 oa><b*'>V*X 
9 X-^^JB *Sa» A £ tiSo 
[0 0 4 4] ^lft^6 0OAP^:^ an: 
*LfcECR*BB6B5 0tra*^ a*?*?? X-v 

9X^jKSr»9Htf<t5iJ:, h 7 4# 

ebs*i-c^s 0 *fc, ^^^7X^^62 

y h 7 8^iEB^tlT^S 0 ^^^ybHft 
X9X^Sr^i-S-t^^#So 

[0 0 4 5] 7^y^^7Xv4«ffl^S:^3/^X 
9X-r£$ffi;tf*»A«8 O^b^y^^X^ 
y^6 2CSALt > ^7^X7X-7f^y/^6 2rt 
£l 0- 3 -10" 2 Paa, vOnKMttm 
$*fcJBS»2. 45GHz^^pM > ^^7 
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twi:^At5 *i/taPF7 2ic±o 

[0 0 4 6] Z<D7yX^m<D-m*. *R^^^6 

[0 0 4 7] ^s'^JX'Tfir^e 2liCVDffl 
#*£A1^ 2£fit;iTl>So CVDffl^»8 4, Xf 

8 8^fe«J«SixfcCVDffl^ttjieK9 0^t>, CV 

7Xvft^6 2M3lA$*lSo CVDfflI®^#*0 

«±^fcStf*b5 0 :5tt> S«6 6±lCtt, ECR 

^^^ft-cHHJl**«l$*L5trai*^. ECR-CV 

[0 0 4 8] £JLktf>J:9te % £tR±teW\ ECR^y 
^ffi"C*JR^|R$jx5t|ai$t^ ECR-CVDS-C 
mto*fi&Ztl*o ^$4(DWa^ECRMi 

Ei 2 oicasv^ctt, ^y^X7Xvf-ty^6 20 

[0 0 4 9] SrPiH^P hnyftifiiaot^lfc 
^ n hn^*R6cVD«fe(^C*K1-ar 

*aW^»l<Dli«^^aECR^IR3S«5 0Sr 

*fc&tfE C R - C VD*-CrtiH"4. 
[0 0 5 0] [X8- 100] jfc1\ ^*0*S(cS-5 
¥*tt»gl 0ld*^««|«l 2fe»*+6. * 

iBSrff * 1 6nraSMJf, BMtS 1 4 
So l^K^Jil 4 ft, WxJi, 
H 2 /0 2 =6/4 3 y bJ^/» 
MS 8 5 0° C 



SiH 4 /PH 3 /H 2 =5 0 0/0. 3 5/5 Osccm 

m& 5 8 0° C 

BE* 7 9 . 8 P a 

Mid, #!IV!l3yHl 6(7)±{CWS i 2 gl 6 AS:, 

mtumTv&wvmz i o o nmn&mmzitZo 

WF 6 /S i H 4 /He = 1 0/1 0 0 0/3 6 Osccm 
tm 3 6 0° C 

EEXj 2 6. 6 Pa 

(A) *JH) o K?^aiy^^«>*tt*r, « 

C 2 C 1 3 F 3/ S F 6 = 6 5/5sccm 
EE^j 1. 33Pa 

W^n$/N°!7- 7 0 0W 
RF/<!7 — 1 0 OW 

[0 0 5 1] [16-1 1 0] jjctc. y-VKK^ 

««»*T^»icav^«*ttfw«2 o£>r *>-a 

®$tis£i StfMliJ^MIM K**™/^ 2Sr»rt+* 0 r 
LDD (Lightly Doped Drain) HHSjWBj** 
tuSo fleet's y-*/KW^««2 4 
ftfc, ^ffi(^*yttA*fif5 (H5 0 (B) #M) o 
^*^SEAO*#tt, NMOS*»*tJi 
£\ 

As 50KeV 5X10 15 / c m 2 

Sfc, PMOSS:Mt5»&, 

BF 2 2 0KeV 3X10 15 /cm 2 

[0 0 5 2] [Ifi- 120] flitf 

s i o 2 d»&ASJIliaf6fM2 etrcVDttlc-cVd 5 

OOnmSSW^So *BIO*ft* v «*.tf, 
S i H 4 /0 2 /N 2 =2 5 0/2 5 0/1 0 Osccm 
US, 4 2 0° C 

EEXJ 13. 3 P a 

N 2 #ift*tl'l0 0° C, lO^Sttft 
T^-^HftafefrS. midioT, SiIOTSi 2 

[0 0 5 3] &^T\ !K«fe»l2 6|CU^h/^- 

C 4 F 8 =50 seem 
RF/*!7 — 1 2 0 OW 
JE*> 2 P a 

tfsri^-ets (E5(D (o #jso o 

[0 0 5 4] [Ig- 1 3 0] Z<D&, Ti/TiON 



-7- 



T i 09*.li> 
A r 4 0 sccra 

ffi^ 0 . 0 4 P a 

*/*y^/*!7- lkW 

t U ff* 5 OnmOT i 5 0 T i O 

N 2 /0 2 4/0. 3 seem 

ffi^J 0. 0 5 Pa 

*/N 0 y*/*T7- lkW 

L> 1 0 Onm(DT i ON£if «£^& 0 £t±£> 

[IS- l o o] - [XS- 13 0] » % «*<&#8H:: 

[0 0 5 5] [XS- 140] ftV>-e, **W^*«feSr 
IfflLt, ±B^T/l^^*Ajf 3 2£J?£#*J5 0 0 n 

5 7^^;H3 0±«Rt^ rtifcp^, 

^7^7Xvffl^ Ar : 4 0 seem 

0 . 0 4 P a 
DC*'*s^'<!7— lkW 
7;V^^OECR-CVD^ 

cvdiis^ ^f^js^w 

K [DMAH, (CH 3 ) 2 AlH] /H 2 =50/l 
0 0 seem 

MS 3 0 0° C 

vf#v&s<y— iooow 

[0 0 5 6] [XS- 15 0] %<D&, T/V^^Af 

Af3 2&tf^y T^*/W13 0(7) K7-fiyfy^ 
trv\ BS*ia*^$^:So K^^^^tett* R 

BC1 3 /C 1 2 =60/90 seem 

W^nj£/*17- 1 0 0 0W 

RF/> # 7- 5 0W 

ffi^l 21. 3Pa 

[0 0 5 7] jjcfc, ^y^!J^Ofc»©^7X-7t 

fiKJHt, Fpy**cvDfeofcfto^7 

<0#ffifc*3^Tra\ ##E<0* 2 0)ttKl£a>d><& E C R 

So 

[0 0 5 8] [XS- 200] 4^fl&K£*?ftlB« 



««r»*+sxad^/^yr^^/^Jio»rtiaf*, ± 
s><o [is- 1 0 0] - [xs- 1 3 0] tra--e*> 

[0 0 5 9] [XS-2 1 0] ftV^C, #38WG>#ifc«: 
ffiffltT> ^BfcTyU5^^AJi3 2Srff$JKj5 0 On 
mMtt EP*>> H2fc*Lfc**&ttfflLT, Si 1 

y7^^;H3 0±CM«o rftfcHWRl, 

hny*i»cVDSI:t7/^-!>A»IS:^y 
7^^/ui3 0±l:^Kt^ 7;i/^!>^ECR^ 
/^mMECR-CVDm #Jx.tfWT<£><b 

ECR^y^^Xvt*!^ : H 2 /A r = 5 0 
/ 4 3 seem 

CVDIft#7 : DMAH/H 2 = 
15/50 seem 

EE* 0 . 0 4 P a 

v/f^njg/^- 1 0 0 0W 

DC^y^!7- 3kW 
Ml 3 0 0 0 C 

[0 0 6 0] [XS- 2 2 0] 7;^;^^| 

Af3 2RW<Vr^^/uM3 OtDYy^^y^y* 

tfv\ iaftJi«:^j*£*So ^oxaj*, ±i£<D [xs 

-150] tH«-C*9, *<0»«tt*l»-r*« 
[0 0 6 1 ] LV^tt«ii:a<5#» 

SrtdStftSo *»MO*2^»4 0lfi«fc^5E 

CRMil^ffllt, «ftH«*>*fl*:T, S«± 

l:ECR^>y^SMECR-CVDSl:tM« 
^fy, ^^V«<D#aA«tt#©fiRK, Si, S i O 

[0 0 6 2] 

E C R 3/ 9 mnttm ^tzm& t It® LT N 

*fc, «*OECR^y#jfeK*5»8IIW©*Sl-tt«) 
ECR^y^jfet|^B#{CECR-CVD^Sr 

tt^fRj±-TSo Sot, ¥*ft:i«<0*Efc#fc^#, 

tie **M(OECR*JB3Stt^lB«jcj3v^r 

[EIScofflWiiftM] 
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m i ] i <Di&mzfri)>z e c r^k^h^ 

[■3] 3 E c RMi^) 

[H4] 4 E C RMSI^). 

l o 4MIM&tR 
2 6 ®Htesi 

2 8 BBPgP 

30 ^y^^/iwi 



3 2 

5 0, 1 0 0, 1 1 0, 1 2 0 ECRMil 

6 0 rtut*-^^ 

6 2 Xs<y9'?9X'vf' J ry< 

6 4 CVD^X^ft^ 

6 6 £K 

7 0 SKI 1 

7 oa mown 

7 OB ffi2<D*ttff 

72, 72 A, 72B Uft 

7 4 ^y^^^F 

7 8 ffltf>**y99—9y V 

8 0 *>*:y*:/7X^£j*ffl;tf*»A» 
8 OA CVDy^X-r^ffi^^iAS 
8 2 CVDffl^^ASP 

8 4 CVDffl^jR 

9 0 CVDffl^MI 
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